Dry powder aerosolization of a recombinant surfactant protein-C-based surfactant for inhalative treatment of the acutely inflamed lung.
Inhalative application of substantial amounts of pulmonary surfactant to the acutely inflamed lung represents a desirable therapeutic approach but was impossible under clinical conditions because of the technical limitations of currently available devices. We developed a new dry powder aerosolizer for administration of a recombinant surfactant protein-C-based surfactant, determined aerosol characteristics, and evaluated its use in animal models of acute lung injury. Laboratory experiment. University laboratory. Rabbits and mice. The efficacy of an aerosol application of recombinant surfactant protein-C surfactant was assessed in three animal models of acute lung injury: in rabbits with acute lung injury caused by repetitive lavage with prolonged and injurious ventilation; in rabbits at day 4 after inhalative application of bleomycin; and in bleomycin-challenged, spontaneously breathing mice. Analysis of aerosolizer characteristics revealed favorable properties making inhalative surfactant treatment in acute lung injury/acute respiratory distress syndrome possible. The generated aerosol had a mass median aerodynamic diameter of 1.6 microm, with 85% of all particles being smaller than 5 microm. The average mass of surfactant being aerosolized was approximately 800 mg/min, thus allowing delivery of large amounts of surfactant. Biochemical and biophysical surfactant properties remained unaltered after aerosolization. In both rabbit models aerosolization of approximately 500 mg recombinant surfactant protein-C surfactant resulted in a far-reaching restoration of gas exchange and compliance, with Pao2/Fio2 values approaching control values. In bleomycin-challenged, spontaneously breathing mice, surfactant aerosolization resulted in a restoration of compliance. The described dry powder aerosolizer may be applicable to surfactant therapy of acute lung injury/acute respiratory distress syndrome. This conclusion is based on four main factors. High doses comparable to those used for intratracheal instillation in humans can be generated within a relatively short time period, the device can be connected to the inspiratory limb of the ventilator circuit, the aerosolized surfactant material is biophysically fully active, and therapeutic efficacy was proven in three different animal models of acute lung injury/acute respiratory distress syndrome.